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0DQ\ SRZHU SODQW FRPSRQHQWV DUH VXEMHFW WR FRPELQHG PHFKDQLFDO DQG WKHUPDO ORDGLQJ FRQGLWLRQV GXULQJ WKHLU RSHUDWLQJ
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/007KHGHWDLOHGLQYHVWLJDWLRQ
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FRPELQDWLRQV RI PHFKDQLFDO DQG WKHUPDO ORDGV ,Q FDVHV RI SXUH PHFKDQLFDO ORDGLQJ LW LV SRVVLEOH IRU WKHVH
FRPSRQHQWV WRH[SHULHQFHSKHQRPHQDVXFKDVVWULFW VKDNHGRZQ UHYHUVHSODVWLFLW\RU UDWFKHWWLQJ+RZHYHU LQ WKH
HYHQWWKDWVXFKFRPSRQHQWVDUHDOVRH[SRVHGWRVLJQLILFDQWWKHUPDOORDGVWKHUHFDQEHDVLJQLILFDQWLPSDFWXSRQWKH
PDWHULDOSURSHUWLHV VXFKDVD UHGXFWLRQ LQ WKH\LHOG VWUHVV DQG WKLV FDQ LPSDFWXSRQ WKH VKDNHGRZQ OLPLW IRU WKH
FRPSRQHQW
7KHUH DUH D QXPEHU RI ZD\V LQ ZKLFK WKH HODVWLFSODVWLF EHKDYLRXU RI VWUXFWXUHV PD\ EH DQDO\VHG RQH VXFK
PHWKRG LV VLPXODWLRQ WKURXJK WKHXVHRI LQFUHPHQWDO)LQLWH(OHPHQW$QDO\VLV )($7KLV LV DQHIIHFWLYHPHWKRG
ZKLFKHQDEOHVWKHLQYHVWLJDWLRQRIDZLGHUDQJHRIORDGF\FOHVKRZHYHUWKHUHFDQEHVLJQLILFDQWFRVWVLQUHODWLRQWR
WKHFRPSXWLQJWLPHUHTXLUHGWRSHUIRUPVXFKDQDO\VHVHVSHFLDOO\ZLWKFRPSOH['PRGHOV2QHRWKHUGUDZEDFNLV
DQLQDELOLW\WRGHWHUPLQHWKHERXQGDULHVIRUWKHVKDNHGRZQOLPLWVGLUHFWO\,WFDQRQO\GHPRQVWUDWHZKDWWKHIDLOXUH
PHFKDQLVP LV IRU VSHFLILF ORDGLQJ FRQGLWLRQV LH HODVWLF VKDNHGRZQ SODVWLF VKDNHGRZQ RU UDWFKHWWLQJ 7KH 5
DVVHVVPHQW SURFHGXUH >@ WKDW LV XVHG E\ VSHFLDOLVWV LQ WKH8. QXFOHDU LQGXVWU\ GRHV DOORZ IRU WKH RSHUDWLRQ RI
FRPSRQHQWVRXWVLGHRI WKHFODVVLFHODVWLFVKDNHGRZQOLPLWSURYLGHG WKDW LW LVZLWKLQ WKHJOREDOVKDNHGRZQUHJLRQ
DQG LV QRW H[SHULHQFLQJ UDWFKHWLQJ+RZHYHU GXH WR WKH IDFW WKDW WKH DVVHVVPHQWSURFHGXUHVXVHG LQ WKH FRGH DUH
VLPSOLILHG SURFHVVHV LW FDQ RIWHQ EH GLIILFXOW IRU WKH VKDNHGRZQ VWDWXV RI D FRPSRQHQW WR EH GHPRQVWUDWHG 7KH
/LQHDU0DWFKLQJ0HWKRG /00 KDV WKHUHIRUH EHHQ GHYHORSHG DQG LQFRUSRUDWHG ZLWKLQ $%$486 FRPPHUFLDO
)($SURJUDPIRUFDOFXODWLQJWKHOLPLWERXQGDU\EHWZHHQVKDNHGRZQDQGQRQVKDNHGRZQEHKDYLRXUV>@
7KHFRPSRQHQWWKDWKDVEHHQFRQVLGHUHGLQWKLVSDSHUKDVSUHYLRXVO\EHHQLQYHVWLJDWHGXVLQJWKH/00SOXJLQ>@
WR GHWHUPLQH WKH VKDNHGRZQ OLPLW XQGHU VSHFLILF RSHUDWLQJ FRQGLWLRQV 7KLV DQDO\VLVZDV SULPDULO\ SHUIRUPHG LQ
RUGHUWRYHULI\WKH/00VKDNHGRZQSURFHGXUHVIRUDFRPSOLFDWHGHQJLQHHULQJSUREOHP,QFOXGHGZLWKLQWKLVZRUN
WKHUHZDVDFRPELQDWLRQRISUHVVXUHDQGWKHUPDOORDGVLQDGGLWLRQWRWKHDSSOLFDWLRQRIDEHQGLQJPRPHQWZLWKDOO
RIWKHJHRPHWULFSDUDPHWHUVNHSWFRQVWDQWWKURXJKRXW7KHUHVXOWVREWDLQHGZLWKLQWKLVVWXG\WKURXJKWKHXVHRIWKH
/00VRIWZDUHWRRODOLJQHGZLWKWKHHODVWLFSODVWLFDQDO\VHVZKLFKZHUHDOVRSHUIRUPHGVKRZLQJWKDWWKH/00LV
DEOHWRVROYHSUDFWLFDOHQJLQHHULQJSUREOHPVZLWKFRPSOH[ORDGLQJFRQGLWLRQV
'XH WR WKHFRPSOH[QDWXUHRISLSLQJV\VWHPVPDQ\RI WKHFRPSRQHQWVXVHGFRPH LQVWDQGDUGLVHGJHRPHWULHV
KRZHYHULQVRPHFDVHVLWPLJKWEHSUHIHUDEOHIRUFXVWRPGLPHQVLRQVWREHXVHGLQRUGHUWRUHGXFHFRVWVRULPSURYH
HIILFLHQF\ 2QH VXFK VWXG\ >@ XVHG WKH (ODVWLF &RPSHQVDWLRQ 0HWKRG WR LQYHVWLJDWH KRZ WKH JHRPHWU\ RI D
FRPSRQHQWVLPLODUWRWKHRQHFRQVLGHUHGZLWKLQWKLVSDSHULPSDFWVXSRQWKHOLPLWORDGVDQGVKDNHGRZQOLPLWV7KLV
ZDVDFKLHYHGWKURXJKPRGLILFDWLRQRISLSHGLDPHWHUZLWKWKHVKHOOWKLFNQHVVDOVRDOWHUHGLQRUGHUWRHQVXUHWKDWWKLQ
ZDOOHGWKHRU\ZDVVWLOODSSOLFDEOH,QWKLVFDVHDQ(ODVWLF3HUIHFWO\3ODVWLF(33PDWHULDOPRGHOZDVXVHGLQRUGHUWR
SHUIRUPWKHFDOFXODWLRQVQHFHVVDU\WRGHWHUPLQHWKHOLPLWERXQGDU\DOVRNQRZQDVWKH%UHH'LDJUDP>@IRUHDFK
YDULDWLRQ RI JHRPHWU\ )URP WKLV VWXG\ LW LV VKRZQ WKDW WKHUH LV D VWURQJ LQWHUDFWLRQ EHWZHHQ WKH DSSOLHG ORDGV
SDUWLFXODUO\ZKHQWKHEUDQFKGLDPHWHULVVLJQLILFDQWO\VPDOOHUWKDQWKDWRIWKHPDLQSLSH
7KLVSDSHUDLPVWRXWLOLVHWKH/00SOXJLQWRGHWHUPLQHWKHLPSDFWWKDWFKDQJLQJWKHJHRPHWU\RIDKHDGHUWKDWLV
FRPPRQO\XVHGLQDGYDQFHGJDVFRROHGUHDFWRU¶V$*5¶VKDVXSRQWKHVKDNHGRZQOLPLWRIWKHFRPSRQHQW:LWKLQ
WKHFXUUHQWZRUNDQRYHUYLHZRIWKHPRVWVLJQLILFDQWDUHDVRIWKHEDFNJURXQGLVILUVWJLYHQZKLFKLVIROORZHGE\D
GHVFULSWLRQ RI WKH PRGHO WKDW LV XVHG 7KH LQLWLDO DQDO\VHV RI WKH VWDQGDUG JHRPHWU\ DORQJ ZLWK DSSURSULDWH
YHULILFDWLRQFDOFXODWLRQVDQGDQLQYHVWLJDWLRQLQWRWKHHIIHFWWKDWFUHHSUXSWXUHKDVRQWKHDOORZDEOHLQWHUQDOSUHVVXUH
ORDGIRUYDULRXVUXSWXUHWLPHVDUH WKHQGLVFXVVHGLQVHFWLRQ$OVRSUHVHQWHGZLWKLQWKLVVHFWLRQRI WKHSDSHU LVD
SDUDPHWULF VWXG\ RI WKH LPSDFW WKDW FKDQJLQJ WKH GLVWDQFH EHWZHHQ WKH WZR EUDQFK SLSHV KDV RQ WKH IDLOXUH
PHFKDQLVPRI WKHFRPSRQHQW7KHILQDODUHDRI LQWHUHVWDSDUDPHWULFVWXG\RI WKHHIIHFWRIFKDQJLQJEUDQFKSLSH
GLDPHWHULVDOVRGLVFXVVHGZLWKLQWKLVVHFWLRQRIWKHFXUUHQWZRUN
3UREOHPEDFNJURXQG
7KHNH\IRFXVRIWKHFXUUHQWZRUNLVWRLQYHVWLJDWHWKHLPSDFWRIVHYHUDONH\SDUDPHWHUVRIDKHDGHUEUDQFKSLSH
WKDWLVXVHGLQQXFOHDUSRZHUSODQWV,WLVWKHUHIRUHQHFHVVDU\IRUWKHPDQQHUVLQZKLFKDFRPSRQHQWVWUXFWXUHPD\
UHVSRQGWRLWVORDGLQJFRQGLWLRQVWREHXQGHUVWRRGLQRUGHUWRGHWHUPLQHWKHVLJQLILFDQFHRIWKHUHVXOWV,QDGGLWLRQ
WKH WRROV WKDW FDQ EH HPSOR\HG WR SHUIRUP WKHVH DQDO\VHV ± VXFK DV WKH5 DVVHVVPHQW SURFHGXUH DQG WKH /00
DQDO\VLVWRRO±VKRXOGEHFOHDUO\XQGHUVWRRGLQRUGHUWRXWLOLVHWKHPFRUUHFWO\
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2.1. Summary of structural responses 
8QGHUPRQRWRQLFORDGLQJFRQGLWLRQVDVWUXFWXUHLVDEOHWRZLWKVWDQGDVRFDOOHG³OLPLWORDG´EHIRUHDSODVWLFKLQJH
LV IRUPHG ZLWKLQ WKH VWUXFWXUH %H\RQG WKLV LW LV QRW SRVVLEOH IRU WKH VWUXFWXUH WR VXVWDLQ DQ\ DGGLWLRQDO ORDGV
+RZHYHUZKHQ F\FOLF ORDGLQJ DFWV RQ WKH FRPSRQHQW LW FDQ DOVR H[SHULHQFH IDLOXUH DW ORZHU OHYHOV8QGHU VXFK
FLUFXPVWDQFHV RQH RI VHYHUDO VWUXFWXUDO UHVSRQVHVPD\ EH VHHQ GHSHQGLQJ XSRQ WKHPDJQLWXGH DQG QDWXUH RI WKH
ORDGLQJF\FOH


)LJ6WUXFWXUDO5HVSRQVHVWR&\FOLF/RDGLQJ
,WLVSRVVLEOHIRUWKHZKROHFRPSRQHQWWRUHPDLQZLWKLQWKHHODVWLFOLPLWWKURXJKRXWWKHFRPSOHWHORDGLQJF\FOHDV
LVVKRZQLQ)LJDZKHQORDGOHYHOVDUHVXIILFLHQWO\VPDOO,IWKHORDGLQJPDJQLWXGHLVLQFUHDVHGEH\RQGWKHHODVWLF
OLPLWWKHQSODVWLFVWUDLQVEHJLQWRRFFXUZLWKLQWKHVWUXFWXUHOHDGLQJWRRQHRIWKUHHVWHDG\VWDWHUHVSRQVHV
x 6WULFWVKDNHGRZQSODVWLFVWUDLQVDFFXPXODWHLQWKHLQLWLDOORDGF\FOHVSURGXFLQJUHVLGXDOVWUHVVHVUHVSRQVHWKHQ
EHFRPHVHQWLUHO\HODVWLFDVVKRZQLQ)LJE
x *OREDOVKDNHGRZQSODVWLFVWUDLQVDFFXPXODWHLQDOOORDGF\FOHVEXWLVHTXDOIRUERWKORDGLQJDQGXQORDGLQJDV
VKRZQLQ)LJF$FORVHGORRSLVIRUPHGDQGQRQHWLQFUHDVHLQWKHSODVWLFVWUDLQRFFXUVEHWZHHQF\FOHV
x 5DWFKHWLQJSODVWLFVWUDLQVDFFXPXODWHLQDOOORDGF\FOHVOHDGLQJWRDQLQFUHPHQWDOSODVWLFFROODSVHRIWKHHQWLUH
VWUXFWXUHDVVKRZQLQVKRZQLQ)LJG
:KHQ WKH UHVSRQVH LV HQWLUHO\ HODVWLF RUZLWKLQ WKH VWULFW VKDNHGRZQ UHJLRQ WKHQ VXFK D FRQGLWLRQ LV JHQHUDOO\
SHUPLVVLEOH,QIDFWGXHWRWKHLQLWLDOSODVWLFVWUDLQVDFFXPXODWHGGXULQJVWULFWVKDNHGRZQLW LVSHUPLVVLEOHIRUWKH
HODVWLFOLPLWWREHH[FHHGHGLQVRPHORFDWLRQVSURYLGHGWKDWDORZF\FOHIDWLJXHDVVHVVPHQWLVSHUIRUPHG7KHJOREDO
VKDNHGRZQRI D FRPSRQHQWPD\DOVREHSHUPLWWHG VR ORQJ DV WKHSUHVHQFHRI UHYHUVHSODVWLFLW\ LV DFFRXQWHG IRU
WKURXJK D ORZ F\FOH IDWLJXH DVVHVVPHQW )RU WKH YDVWPDMRULW\ RI FDVHV LW LV QRW DFFHSWDEOH IRU WKH FRPSRQHQW WR
HQFRXQWHUUDWFKHWLQJ
,I D FRPSRQHQW LV H[SRVHG WR H[FHVVLYH WHPSHUDWXUHV WKHQ FUHHS D SKHQRPHQRQ LQYROYLQJ WKH FUHDWLRQ DQG
PRYHPHQWRIGHIHFWVPD\RFFXU7KHFUHHSUXSWXUHOLPLWWKHQEHFRPHVDQRWKHULPSRUWDQWGHVLJQOLPLWDVZHOODV
ERWKWKHFRPSRQHQWVKDNHGRZQDQGUDWFKHWOLPLWV
2.2. The Linear Matching Method 
+DYLQJ DOUHDG\ EHHQ GHVFULEHG H[WHQVLYHO\ LQ YDULRXV RWKHU ZRUNV > @ LW LV IHOW XQQHFHVVDU\ IRU D IXOO
GHVFULSWLRQRIWKH/00WREHUHSRUWHG
7KH /00 LV EDVHG RQ WKH SULQFLSOH WKDW D OLQHDU PDWHULDO PRGHO FDQ EH XVHG ZLWKLQ DQ LWHUDWLYH SURFHVV WR
VLPXODWHQRQOLQHDUHODVWLFSODVWLFEHKDYLRXURIPDWHULDOV7KLVSURFHVV LQYROYHV WKHPRGXOXV WKURXJKRXW WKHPRGHO
EHLQJ UHGXFHG LQ UHJLRQVZKHUH VWUHVV H[FHHGV WKHPDWHULDO \LHOG VWUHVV GXULQJ VHTXHQWLDO OLQHDU HODVWLF DQDO\VHV
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WKHUHIRUHHQDEOLQJWKHUHGLVWULEXWLRQRIVWUHVVHVWKURXJKRXWWKHVWUXFWXUH7KLVSURYLGHVDYHU\DFFXUDWHGHSLFWLRQRI
WKHZD\VXFKVWUHVVHVDUHGLVWULEXWHGLQDQHODVWLFSODVWLFPDWHULDO(DFKRIWKHLWHUDWLRQVPD\XVHDPRGLILHGYDOXHRI
\LHOG VWUHVV IURP WKH SUHYLRXV FDOFXODWLRQ VR WKDW WKH WHPSHUDWXUHGHSHQGHQW \LHOG VWUHVV DQG FUHHS UXSWXUH VWUHVV
FRXOGEHHDVLO\DGRSWHG
)LQLWH(OHPHQW0RGHO
$%$486LVRQHRIWKHPRVWZLGHO\XVHG)($VRIWZDUHVXLWHVIRUDQDO\VLQJVWUXFWXUDOFRPSRQHQWVDQGIRUWKLV
UHDVRQWKH/00VXEURXWLQHVKDYHEHHQLPSOHPHQWHGIRULW>@$%$486WRJHWKHUZLWKWKH/00VXEURXWLQHVKDV
EHHQXVHGZLWKLQ WKLV VWXG\ WR SHUIRUP WKH FDOFXODWLRQV QHFHVVDU\ WR GHWHUPLQH WKH VKDNHGRZQ DQGFUHHS UXSWXUH
OLPLWERXQGDULHV
3.1. Header branch geometry 
$IXOO VFKHPDWLFRI WKHKHDGHUSLSH IURP>@ LV VKRZQ LQ)LJDZKLOH)LJEVKRZV WKH LQWHUVHFWLRQ ILOOHW LQ
JUHDWHUGHWDLO7KHYDOXHVIRUWKHGLPHQVLRQVKLJKOLJKWHGDUHJLYHQLQ)LJF%UDQFKSLSHKHLJKWLVPHDVXUHGIURP
WKHPDLQSLSHFHQWUDOD[LVZKLOHVHSDUDWLRQPHDVXUHGIURPWKHFHQWUDOD[HVRIWKHEUDQFKSLSHV2XWVLGHGLDPHWHULV
XVHGIRUERWKSLSHVDOORWKHUGLPHQVLRQVDUHVHOIH[SODQDWRU\


)LJD+HDGHU*HRPHWU\E)LOOHW*HRPHWU\F+HDGHU'LPHQVLRQV

)LJD+HDGHU3LSH0HVKE,QWHUVHFWLRQ0HVK'HWDLO
D
E F
D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7KH)(PRGHOKDVEHHQPHVKHGXVLQJWKHTXDGUDWLFEULFNHOHPHQW&'5ZLWKLQ$%$486DVVKRZQLQ)LJD
%LDV KDV EHHQ XVHG LQ RUGHU WR JHQHUDWH D GHQVHU PHVK DW WKH LQWHUVHFWLRQ EHWZHHQ WKH EUDQFK DQG PDLQ SLSH
UHVXOWLQJ LQ DPHVK WKDW FRQVLVWV RI  HOHPHQWV )LJ E WKHQ VKRZV KRZ WKH FRPSRQHQW KDV EHHQPHVKHG
DURXQGWKHLQWHUVHFWLRQEHWZHHQWKHPDLQDQGEUDQFKSLSHLQJUHDWHUGHWDLO
3.2. Material properties 
7KHPDWHULDOFRQVLGHUHGLQWKHFXUUHQWZRUNLVDVWDLQOHVVVWHHOZLWKWKHNH\SURSHUWLHVIRUWKLVVKRZQLQ7DEOH
2WKHUSURSHUWLHVVXFKDVPDWHULDO\LHOGVWUHVVDUHGHVFULEHGZKHUHDSSURSULDWHLQODWHUVHFWLRQV
7DEOH&RPSRQHQW0DWHULDO3URSHUWLHV
0DWHULDO3URSHUW\ 9DOXH
<RXQJ¶V0RGXOXV(>*3D@ 
3RLVVRQ¶V5DWLRȞ 
&RHIILFLHQWRI7KHUPDO([SDQVLRQĮ>&@ î
7KHUPDO&RQGXFWLYLW\N>:PP.@ î
3.3. Boundary and loading conditions 
,QRUGHUWRLPSURYHWKHFRPSXWLQJHIILFLHQF\DTXDUWHUPRGHOZLWKV\PPHWU\FRQGLWLRQVZDVXVHGDVVKRZQLQ
)LJDQG)LJ)LJVKRZVZKLFKVXUIDFHVWKHVHV\PPHWU\FRQGLWLRQVZHUHDSSOLHGWR$QHTXDWLRQFRQVWUDLQW
ZDVDSSOLHGWRWKHHQGVXUIDFHRIWKHEUDQFKSLSHLQRUGHUWRVLPXODWHWKHSODQHFRQGLWLRQ$PXOWLSRLQWFRQVWUDLQW
IL[HG WR D FHQWUDO UHIHUHQFH SRLQW ZDV DSSOLHG WR WKH HQG VXUIDFH RI WKH PDLQ SLSH 7KLV DOORZV WKH
H[SDQVLRQFRQWUDFWLRQRIWKHSLSHZKLOHDOVRSUHYHQWLQJWKHSLSHIURPPRYLQJIUHHO\


)LJ*HRPHWU\6\PPHWU\&RQGLWLRQV
$UHIHUHQFHSUHVVXUHRI03DLVDSSOLHGWRDOORIWKHLQWHUQDOVXUIDFHVWRVLPXODWHWKHRSHUDWLQJFRQGLWLRQV>@
$VERWKEUDQFKSLSHVDUHDVVXPHGWRKDYHFORVHGHQGVDIRUFHDFWVDORQJWKHF\OLQGHUD[LV7KLVLVFDOFXODWHGXVLQJ
WKLQZDOOHGWKHRU\DQGLVDSSOLHGDVDSUHVVXUHWRWKHHQGVXUIDFHV
tZ 
3U V   
(DFK ORDG F\FOH LQ WKH VWHSE\VWHS DQDO\VLV FRQVLVWV RI WKUHH VWHSV XQLIRUP ORZ WHPSHUDWXUH GLVWULEXWLRQ
WUDQVLHQWWHPSHUDWXUHGLVWULEXWLRQDQGXQLIRUPKLJKWHPSHUDWXUHGLVWULEXWLRQDQGVRWKHUPDODQDO\VHVDUHSHUIRUPHG
WRJHQHUDWHWKHRXWSXWGDWDEDVHILOHVQHHGHGWRDSSO\WKHVHF\FOLFWKHUPDOORDGVDVSUHGHILQHGILHOGV7KH'&'
1710   G.D. Jackson et al. /  Procedia Engineering  130 ( 2015 )  1705 – 1718 
$%$486HOHPHQWLVXVHGLQWKHVDPHPHVKVWUXFWXUHDQGVXLWDEOHWHPSHUDWXUHERXQGDU\FRQGLWLRQVDUHDSSOLHGWR
WKHLQQHUDQGRXWHUVXUIDFHV
5HVXOWVDQGGLVFXVVLRQV
7KURXJKRXWWKHFXUUHQWZRUNDQDO\VHVKDYHEHHQFDUULHGRXWXVLQJWKH/00DQDO\VLVWRROVRDVWREHWWHUXQGHUVWDQG
WKHIDLOXUHPHFKDQLVPVRIDSUDFWLFDOHQJLQHHULQJSUREOHP
4.1. Shakedown and creep rupture analysis 
,QRUGHU WRREWDLQ WKHUHTXLUHG UHVXOWV WKH/00KDVEHHQXVHG WRSHUIRUPVKDNHGRZQOLPLWDQDO\VHV WKHVHDUH
WKHQYHULILHGXVLQJVWHSE\VWHSDQDO\VHV7KHLQLWLDOIRFXVRIWKHFXUUHQWZRUNZDVDOVRWRLQYHVWLJDWHWKHLPSDFWRI
FUHHSXSRQWKHKHDGHUEUDQFKSLSHFRQVLGHUHGZLWKLQWKLVSDSHU
7DEOH7HPSHUDWXUH'HSHQGHQW<LHOG6WUHVV
7HPSHUDWXUH>&@ <LHOG6WUHVV>03D@
 
 
 
 
 
 
 
 
4.1.1. Shakedown analysis and verification 
7KH VKDNHGRZQ ERXQGDU\ LV D WKHRUHWLFDO OLQH VHSDUDWLQJ VKDNHGRZQ DQG QRQVKDNHGRZQ EHKDYLRXUV DQG LV
XQLTXH WR D VWUXFWXUH DQG WKH ORDGV DSSOLHG WR LW 7KH /00 SOXJLQ KDV EHHQ XVHG LQ RUGHU WR JHQHUDWH VXFK D
ERXQGDU\IRUWKHKHDGHUSLSHFRPSRQHQWRILQWHUHVWZLWKLQWKHFXUUHQWZRUN)RUWKLVDQDO\VLVWHPSHUDWXUHGHSHQGHQW
\LHOGVWUHVVKDVEHHQXVHGZLWKWKHYDOXHVIRUWKLVRYHUDUDQJHRIWHPSHUDWXUHVVKRZQLQ7DEOH>@)LJVKRZV
WKHVKDNHGRZQERXQGDU\IRUWKHKHDGHUEUDQFKXQGHUWKHRSHUDWLQJFRQGLWLRQVWKDWZHUHDSSOLHG7KHWKHUPDOORDG
KDVEHHQQRUPDOLVHGDJDLQVWDUHIHUHQFHWHPSHUDWXUHRIǻș &LQRUGHUIRUFUHHSFRQGLWLRQVWREHFRQVLGHUHG
ZKLOHWKHPHFKDQLFDOORDGKDVEHHQQRUPDOLVHGDJDLQVWDUHIHUHQFHSUHVVXUHRI3 03D


)LJ6KDNHGRZQ/LPLW%RXQGDU\






        
6KDNHGRZQ
%RXQGDU\
ઢࣂ
ઢࣂ૙
ࡼ
ࡼ૙
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)URPWKLVDQDO\VLVLWFDQEHVHHQWKDWWKHPXOWLSOLHUIRUWKHWHPSHUDWXUHORDGDWWKHUHYHUVHSODVWLFLW\OLPLWLVYHU\
VPDOODSSUR[LPDWHO\ZKLFKPHDQVWKDWVXFKDKHDGHUFRPSRQHQWZRXOGQRWEHDEOHWRZLWKVWDQGWHPSHUDWXUHV
WKDWZRXOGEHVXIILFLHQWO\KLJKVRDVWRFDXVHFUHHS*HQHUDOO\F\FOLFWKHUPDOFRQGLWLRQVVXFKDVWKHVHDUHDZRUVW
FDVHVFHQDULRDVWKHF\FOLFWHPSHUDWXUHUDQJHRIDFRPSRQHQWLVXQOLNHO\WREHRIWKLVPDJQLWXGH&XQGHU
QRUPDORSHUDWLQJFRQGLWLRQVDQGWKHUHIRUHWKHDFWXDOWKHUPDOVWUHVVHVSURGXFHGDUHOLNHO\WREHVPDOOHULQWKDQWKRVH
ZLWKLQWKHFXUUHQWPRGHO
6KRZQLQ)LJDLVWKHSODVWLFVWUDLQGLVWULEXWLRQIRUDSXUHWKHUPDOORDGFDVHDWWKHUHYHUVHSODVWLFOLPLWZKLOH)LJ
EVKRZVWKLVIRUWKHSXUHPHFKDQLFDOORDGFDVHDWWKHOLPLWORDG)URPWKLVLWFDQEHVHHQWKDWWKHIDLOXUHPHFKDQLVP
RI WKHFRPSRQHQW LVKLJKO\GHSHQGHQWRQ WKH ORDGLQJFRQGLWLRQV ,Q WKHFDVHRI WKHSXUHO\ WKHUPDO ORDGF\FOH WKH
FULWLFDO ORFDWLRQ LV IRXQGRQWKHRXWHUVXUIDFHRI WKHEUDQFKEDVHDQGSHUSHQGLFXODU WR WKHFHQWUDOD[LVRI WKHPDLQ
SLSH,QWKHSXUHPHFKDQLFDOORDGFDVHWKHFULWLFDOORFDWLRQFDQEHIRXQGDWWKHEDVHRIWKHEUDQFKIDFLQJWRZDUGVWKH
RWKHUEUDQFKSLSH


)LJ(IIHFWLYH3ODVWLF6WUDLQXQGHUD3XUH7KHUPDO/RDGLQJE3XUH0HFKDQLFDO/RDGLQJ
,QRUGHU WRHQVXUHWKDW WKHUHVXOWVREWDLQHGWKURXJKWKH/00SOXJLQDUHDFFXUDWH LW LVQHFHVVDU\IRUDVHULHVRI
VWHSE\VWHSDQDO\VHVWREHSHUIRUPHGIRUYHULILFDWLRQ7KHVHFDQEHYHU\WLPHFRQVXPLQJDVDUHVXOWRIUHTXLULQJD
VLJQLILFDQWQXPEHURIORDGLQJF\FOHVIRUDVWHDG\VWDWHUHVSRQVHWREHDFKLHYHG$VDUHVXOWRQO\WKHIRXUDQDO\VHV
KDYH EHHQ SHUIRUPHG IRU WKH SRLQWV KLJKOLJKWHG LQ )LJ  3RLQWV¶ ³$´ DQG ³%´ DUH XVHG WR YHULI\ WKH UHYHUVH
SODVWLFLW\ OLPLWZKLOHSRLQWV³&´DQG³'´DUHXVHG WRYHULI\ WKH UDWFKHW LPLW(DFK ORDGF\FOH LQ WKHVWHSE\VWHS
DQDO\VLVFRQVLVWVRIWKUHHVWHSVXQLIRUPORZWHPSHUDWXUHGLVWULEXWLRQWUDQVLHQWWHPSHUDWXUHGLVWULEXWLRQDQGXQLIRUP
KLJKWHPSHUDWXUHGLVWULEXWLRQLQDGGLWLRQWRWKHSURSHUPHFKDQLFDOORDGDWHDFKVWHS


)LJD/009HULILFDWLRQIRU3RLQWV
$	%E/009HULILFDWLRQIRU3RLQWV
&	'´
(
(
(
(
(
(
(
(
      
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)LJXUHDSURYLGHV FRQILUPDWLRQRI WKH UHYHUVHSODVWLFLW\ OLPLW ERXQGDU\ WKDWZDVGHWHUPLQHGXVLQJ WKH/00
)URPWKLVLWFDQEHVHHQWKDWWKHUHVSRQVHDWSRLQW³$´EHORZWKHOLPLWLVVWULFWVKDNHGRZQ$WSRLQW³%´DERYHWKH
OLPLW LW FDQ EH VHHQ WKDW WKH FRPSRQHQW LV LQ JOREDO VKDNHGRZQ+HQFH )LJ E FRQILUPV WKH FDOFXODWHG UHYHUVH
SODVWLFLW\OLPLWIRUWKHFRPSRQHQW7KHUHVSRQVHRIWKHFRPSRQHQWDWSRLQW³&´UHTXLUHVDKLJKQXPEHURIF\FOHVWR
UHDFKVWHDG\VWDWHDWZKLFKSRLQWLWFDQEHVHHQWKDWLWLVLQWKHVWULFWVKDNHGRZQUHJLRQ,QFRQWUDVWWRWKLVSRLQW³'´
UHDFKHVDVWHDG\VWDWHLQDVKRUWHUWLPHDQGFDQEHVHHQWREHUDWFKHWLQJ
4.1.2. Creep rupture analysis 
&UHHS LV D SKHQRPHQRQ WKDW LV GHSHQGHQW XSRQ ERWK WKH RSHUDWLQJ WHPSHUDWXUH DQG WKH FUHHS GZHOO WLPH 7R
GHPRQVWUDWH KRZ RSHUDWLQJ WHPSHUDWXUH DQG FUHHS GZHOO WLPH FDQ LPSDFW RQ WKHPD[LPXP LQWHUQDO SUHVVXUH WKH
KHDGHU FDQ VXVWDLQ FUHHS UXSWXUH OLPLW DQDO\VHV XQGHU XQLIRUPKLJK WHPSHUDWXUHZHUH SHUIRUPHG8QOLNH IRU WKH
VKDNHGRZQDQDO\VLVZKHUHWKHWUDQVLHQW WHPSHUDWXUHGLVWULEXWLRQKDVDVLJQLILFDQW LPSDFWRQWKHVKDNHGRZQOLPLW
WKH WUDQVLHQW WHPSHUDWXUHGLVWULEXWLRQFDQEH LJQRUHG LQ WKHFUHHSUXSWXUHDQDO\VLVDV WKH WUDQVLHQWSHULRG LVPXFK
VKRUWHUWKDQWKHVWHDG\VWDWHRSHUDWLRQSHULRG
7DEOH7HPSHUDWXUH'HSHQGHQW&UHHS5XSWXUH6WUHVV
7HPSHUDWXUH>&@
5XSWXUH6WUHVV>03D@IRUFRQVLGHUHG5XSWXUH7LPHV>KUV@
     
      
      
      
      
      
      

7KH YDOXHV IRU FUHHS UXSWXUH VWUHVV XVHG WKURXJKRXW WKLV DQDO\VLV DUH VKRZQ LQ 7DEOH  >@ )RU FHUWDLQ
WHPSHUDWXUHVDQGUXSWXUHWLPHVWKHUHLVQRGLIIHUHQFHEHWZHHQWKHFUHHSUXSWXUHVWUHVVDQGWKH\LHOGVWUHVV,WFDQEH
VHHQIURP)LJWKDWZKHQWKHFRPSRQHQWLVRSHUDWLQJDWWHPSHUDWXUHVOHVVWKDQDURXQG&WKHUHLVQRVLJQLILFDQW
FUHHSHIIHFW IRU WKHIXOO UDQJHRI UXSWXUH WLPHV WKDWZHUHFRQVLGHUHG7KLV LVGXH WR WKH IDFW WKDW WKHFUHHSUXSWXUH
VWUHVVDWWKHVHWHPSHUDWXUHVKDVDYDOXHZKLFKLVQROHVVWKDQWKH\LHOGVWUHVVRIWKHPDWHULDOPHDQLQJWKDWWKH/00
GRHVQRWUHSODFH\LHOGVWUHVVZLWKFUHHSUXSWXUHVWUHVV


)LJ&UHHS5XSWXUH/LPLWVZLWK'LIIHUHQW7HPSHUDWXUHVDQG$OORZDEOH&UHHS7LPHV

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+RZHYHUDVWKHRSHUDWLQJWHPSHUDWXUHRIWKHFRPSRQHQWLVUDLVHGWR&LWFDQEHVHHQWKDWIRUJUHDWHUUXSWXUH
WLPHVWKHUHEHJLQVWREHDUHGXFWLRQLQWKHFUHHSUXSWXUHOLPLWRIWKHFRPSRQHQW7KLVLVGXHWRWKHIDFWWKDWWKHFUHHS
UXSWXUH VWUHVVYDOXHV IRU WKHVH WHPSHUDWXUHYDOXHVKDYHPDJQLWXGHVZKLFKDUH OHVV WKDQ WKDWRI WKH\LHOG VWUHVV ,Q
RUGHU IRU WKH FRPSRQHQW WR ZLWKVWDQG WKH DFFXPXODWLRQ RI WKH FUHHS VWUDLQV IRU ORQJHU SHULRGV WKHUH PXVW EH D
UHGXFWLRQLQWKHDSSOLHGSUHVVXUHORDGDQGWKLVLVVKRZQLQ)LJ$VWHPSHUDWXUHLVIXUWKHULQFUHDVHGLWFDQEHVHHQ
WKDWWKHFDSDFLW\RIWKHFRPSRQHQWWRZLWKVWDQGWKHLQWHUQDOSUHVVXUHORDGLVUHGXFHGWRDJUHDWHUH[WHQWWKDQXQGHU
QRQFUHHSFRQGLWLRQVDVDUHVXOWRIWKHUXSWXUHVWUHVVEHLQJVLJQLILFDQWO\ORZHUWKDQWKH\LHOGVWUHVV


)LJ6KDNHGRZQ/LPLW,QWHUDFWLRQ&XUYHVZLWK'LIIHUHQW%UDQFK6HSDUDWLRQ
7DEOH9DULDWLRQRI%UDQFK6HSDUDWLRQ
*HRPHWU\ 6%>PP@
 
 
 
 
4.2. Effect of changing branch pipe separation 
7KH %UHHOLNH GLDJUDP IRU WKH YDULHG VHSDUDWLRQ DQDO\VLV RI WKH KHDGHU EUDQFK SLSH XQGHU FRQVWDQW LQWHUQDO
SUHVVXUHDQG WKH WKHUPDO F\FOHZKLFKKDYHEHHQFKRVHQ IRU WKLV VWXG\ VKRZQ LQ7DEOH LV VKRZQ LQ)LJ$V
EHIRUHWKHFRQVWDQWLQWHUQDOSUHVVXUH3KDVEHHQQRUPDOLVHGDJDLQVWWKHLQLWLDOYDOXH3DQGWKHF\FOLFWHPSHUDWXUH
ORDG ǻș KDV EHHQ QRUPDOLVHG DJDLQVW WKH LQLWLDO YDOXHǻș9DOXHV IRU WHPSHUDWXUH GHSHQGHQW \LHOG VWUHVV IURP
7DEOHZHUHDJDLQXVHGIRUWKHVHDQDO\VH
7KHVHUHVXOWVGHPRQVWUDWHWKDWWKHUHLVQRVLJQLILFDQWLPSDFWXSRQWKHUHYHUVHSODVWLFLW\RIWKHFRPSRQHQWDVWKH
VHSDUDWLRQ LV PRGLILHG KRZHYHU LW FDQ EH VHHQ WKDW WKHUH LV D VOLJKW GHFUHDVH LQ WKH UDWFKHW OLPLW IRU D UHGXFHG
VHSDUDWLRQ)LJ VKRZV WKHHIIHFWLYHSODVWLF VWUDLQRI WKHFRPSRQHQW DW WKH UHYHUVHSODVWLFLW\ OLPLWXQGHU F\FOLF
WKHUPDO ORDGLQJ IRU WKH YDULRXV FRQILJXUDWLRQV ,Q WKH FDVH RI WKHVH ODUJH OHYHOV RI F\FOLF ORDGLQJ WKH FRPSRQHQW
IDLOXUHPHFKDQLVPSUHGLFWHGE\WKH/00LVORFDWHGRQWKHRXWHUVXUIDFHRIWKHEUDQFKSLSHEDVHZKHUHLWLQWHUVHFWV
ZLWK WKH VLGH RI WKH PDLQ SLSH 7KLV LV FDXVHG E\ WKH WKHUPDO VWUHVVHV FUHDWHG E\ WKH QRQXQLIRUP WHPSHUDWXUH
GLVWULEXWLRQWKURXJKWKHSLSHZDOOWKLFNQHVVLQWKHWUDQVLWLRQDOVWDJH







     
6HSDUDWLRQ6Ό
6HSDUDWLRQ6΍
6HSDUDWLRQ6Ύ
6HSDUDWLRQ6Ώ
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
)LJ(IIHFWLYH3ODVWLF6WUDLQXQGHU3XUH7KHUPDO/RDGLQJIRUD6E6F6G6


)LJ(IIHFWLYH3ODVWLF6WUDLQXQGHU3XUH0HFKDQLFDO/RDGLQJIRUD6E6F6G6
:KHQWKHFRPSRQHQWLVH[SRVHGWRSXUHPHFKDQLFDOORDGLQJWKHIDLOXUHPHFKDQLVPURWDWHVDURXQGWKHEDVHRIWKH
EUDQFKSLSHDQGLVORFDWHGRQWKHVLGHWKDWLQWHUVHFWVZLWKWKHWRSRIWKHPDLQSLSHDVVKRZQLQ)LJ7KHUHLVRQO\
DQRWLFHDEOHGLIIHUHQFHLQWKHUDWFKHWOLPLWZKHQVHSDUDWLRQRIWKHEUDQFKSLSHVLVVXIILFLHQWO\VPDOOLH6 PP
7KLV SKHQRPHQRQ UHVXOWV IURP WKH LQWHUDFWLRQ RI WKH VWUHVV ILHOGV JHQHUDWHGZLWKLQ WKHPDLQ SLSH E\ WKH LQWHUQDO
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SUHVVXUHRQ WKHEUDQFKHV+RZHYHUZKHQWKHGLVWDQFHEHWZHHQ WKHEUDQFKHV LV ODUJHHQRXJKWKHVHGRQRWRYHUODS
DQGWKHUHIRUHKDYHQRUHVXOWLQJLPSDFWXSRQWKHIDLOXUHPHFKDQLVPRIWKHFRPSRQHQW
4.3. Effect of changing branch pipe diameter 
9DOXHVIRUWHPSHUDWXUHGHSHQGHQW\LHOGVWUHVVIURP7DEOHZHUHDJDLQXVHG7DEOHGHPRQVWUDWHVKRZGLDPHWHU
KDVEHHQFKDQJHGIRUWKLVVWXG\'LVWDQFHEHWZHHQSLSHVLVNHSWFRQVWDQWE\PRGLI\LQJWKHYDOXHIRUVHSDUDWLRQWR
PDLQWDLQD FRQVWDQWGLVWDQFHEHWZHHQ WKHRXWHU VXUIDFHVRI WKHEUDQFKSLSHVZKLOH WKHZDOO WKLFNQHVV LVNHSW DW D
FRQVWDQWUDWLRUHODWLYHWREUDQFKGLDPHWHUWRHQVXUHWKDWRQO\GLDPHWHULVDIIHFWLQJWKHUHVXOWV
7KH%UHHGLDJUDPIRUWKHFKRVHQYDOXHVRIGLDPHWHURIWKHKHDGHUEUDQFKSLSHLVVKRZQLQ)LJ$VEHIRUHWKH
FRQVWDQWLQWHUQDOSUHVVXUH3KDVEHHQQRUPDOLVHGDJDLQVWWKHLQLWLDOYDOXH3DQGWKHF\FOLFWHPSHUDWXUHORDGǻș
KDV EHHQ QRUPDOLVHG DJDLQVW WKH LQLWLDO YDOXH ǻș 7KHVH UHVXOWV GHPRQVWUDWH WKDW ERWK WKH UHYHUVH SODVWLFLW\ DQG
UDWFKHW OLPLWV RI WKH FRPSRQHQW DUH VLJQLILFDQWO\ DIIHFWHG E\ FKDQJHV LQ WKH GLDPHWHU RI WKH EUDQFK SLSHV 7KH
LQFUHDVHRIWKHGLDPHWHURIWKHEUDQFKSLSHVOHDGVWRDVLJQLILFDQWLQFUHDVHRIWKHUHYHUVHSODVWLFOLPLWEXWDGHFUHDVHG
UDWFKHWOLPLWDQGOLPLWORDG


)LJ6KDNHGRZQ/LPLW,QWHUDFWLRQ&XUYHVZLWK'LIIHUHQW%UDQFK'LDPHWHUV
,Q)LJ  WKH HIIHFWLYHSODVWLF VWUDLQ RI WKH FRPSRQHQW XQGHU WKH F\FOLF WKHUPDO ORDGLQJ FRQGLWLRQRQO\ DW WKH
UHYHUVHSODVWLF OLPLW LVVKRZQ7KH/00SUHGLFWV WKDW WKHIDLOXUHPHFKDQLVPXQGHUVXFK ORDGLQJZLOORFFXUDW WKH
EDVH RI WKH EUDQFK SLSHV:KHQ WKH GLDPHWHU LV UHGXFHG WR D VPDOO HQRXJK YDOXH WKLV IDLOXUH RFFXUV DURXQG WKH
FRPSOHWH FLUFXPIHUHQFH RI WKH EUDQFK EDVH:KHUHDV LW FDQ EH VHHQ IRU PHGLXP VL]HG GLDPHWHUV WKDW IDLOXUH LV
ORFDOLVHGWRWKHRXWHUVXUIDFHRIWKHEUDQFKSLSHEDVHZKHUHLWLQWHUVHFWVZLWKWKHVLGHRIWKHPDLQSLSH,QWKHFDVHRI
DYHU\ODUJHGLDPHWHUWKHIDLOXUHPHFKDQLVPLVORFDWHGLQWKHVDPHUHJLRQRIWKHEUDQFKSLSHEDVHEXWRQWKHLQWHUQDO
VXUIDFH7KLV LQFUHDVHG UHVLVWDQFH WR WKHUPDO ORDGLQJ LV SDUWO\ GXH WR WKH LQFUHDVHGZDOO WKLFNQHVVZKLFK UHGXFHV
WKHUPDOVWUHVVHVLQWKHSLSH
7DEOH9DULDWLRQRI%UDQFK'LDPHWHU
*HRPHWU\ '%>PP@ '%'0 6%>PP@ 7%>PP@
    
    
    
    





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
     
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
)LJ(IIHFWLYH3ODVWLF6WUDLQXQGHU3XUH7KHUPDO/RDGLQJIRUD'E'F'G'
:KHQWKHFRPSRQHQWLVH[SRVHGWRSXUHPHFKDQLFDOORDGVVKRZQLQ)LJWKHIDLOXUHPHFKDQLVPLVVLPLODUWR
WKH RULJLQDO KHDGHU JHRPHWU\ ZLWK LQFUHDVLQJPDJQLWXGH RI SODVWLF VWUDLQV DV GLDPHWHU LV UHGXFHG +RZHYHU IRU
ODUJHUGLDPHWHUEUDQFKSLSHV WKHPHFKDQLVPRIIDLOXUH LV LQVWHDGDW WKHEDVHRI WKHEUDQFKSLSHZKHUH LW LQWHUVHFWV
ZLWKWKHVLGHRIWKHPDLQSLSH


)LJ(IIHFWLYH3ODVWLF6WUDLQXQGHU3XUHO\0HFKDQLFDO/RDGLQJIRUD'E'F'G'
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6KRZQLQ)LJLVWKHLPSDFWWKDWEUDQFKGLDPHWHUKDVXSRQWKHOLPLWORDGDQGUHYHUVHSODVWLFOLPLWIRUERWKWKH
LQWHUQDOSUHVVXUHDQGWHPSHUDWXUHUHVSHFWLYHO\7KLVSORWDJDLQVKRZVWKDWWKHUHLVDQLQYHUVHFRUUHODWLRQEHWZHHQWKH
GLDPHWHURIWKHEUDQFKSLSHVDQGWKHPD[LPXPLQWHUQDOSUHVVXUHWKDWWKHFRPSRQHQWFDQZLWKVWDQG,QFRQWUDVWWRWKLV
WKHUHLVDSRVLWLYHFRUUHODWLRQEHWZHHQWKHGLDPHWHURIWKHEUDQFKSLSHDQGWKHPD[LPXPLQWHUQDOWHPSHUDWXUHZKLFK
WKHFRPSRQHQWFDQEHH[SRVHGWRVDIHO\
:KHQWKHLQWHUQDOWHPSHUDWXUHLVVXIILFLHQWO\KLJKWKHQWKHUHDUHDOVRODUJHOHYHOVRIORFDOVWUHVVZKLFKUHVXOWLQ
WKH FRPSRQHQW H[SHULHQFLQJ UHYHUVH SODVWLFLW\ ,QWHUQDO SUHVVXUH JHQHUDWHV D KLJKHU RYHUDOO VWUHVV ZLWKLQ WKH
FRPSRQHQWZKHQLWLVHOHYDWHGDQGWKLVLVZKDWFDXVHVJOREDOIDLOXUHLQWKLVFDVH
&RQFOXVLRQV
3UHVHQWHGZLWKLQWKLVSDSHULVZRUNLQYHVWLJDWLQJKRZVLJQLILFDQWDQHIIHFWWKHRSHUDWLQJWHPSHUDWXUHKDVXSRQWKH
LQWHUQDOSUHVVXUHDKHDGHUSLSHLVDEOHWRZLWKVWDQGSULRUWRFUHHSUXSWXUHIRUYDULRXVUXSWXUHWLPHV,QDGGLWLRQWRWKLV
D VWXG\ RI WKH HIIHFWV RI WZR NH\ JHRPHWULF SDUDPHWHUV RI WKH KHDGHU EUDQFK VHSDUDWLRQ DQG GLDPHWHU RQ WKH
VKDNHGRZQOLPLWERXQGDU\KDVDOVREHHQSUHVHQWHG7KHKHDGHUSLSHKDVEHHQPRGHOOHGXVLQJV\PPHWU\FRQGLWLRQV
WRVLPSOLI\WKHPRGHODQGDOORZIRUWKHFRPSXWLQJWLPHWREHPLQLPLVHG
$VWXG\RIWKHVWUXFWXUDOUHVSRQVHRIWKHFRPSRQHQWWRGLIIHUHQWF\FOLFORDGSRLQWVKDVEHHQSHUIRUPHGXVLQJWKH
/00 SOXJLQ WRRO 7KH F\FOLF WKHUPDO ORDG LV IRXQG WR KDYH D PRUH VLJQLILFDQW LPSDFW XSRQ WKH VKDNHGRZQ
ERXQGDU\WKDQWKHPHFKDQLFDOORDG,WKDVDOVREHHQVKRZQKRZFUHHSFDQLPSDFWXSRQFRPSRQHQWOLIHDQGWKHUHIRUH
EHDVLJQLILFDQWIDFWRULQGHWHUPLQLQJWKHPD[LPXPSUHVVXUHRQWKHLQWHUQDOVXUIDFHVWKDWLVSHUPLVVLEOHEHIRUHFUHHS
UXSWXUHZLOORFFXU


)LJ,PSDFWRI'LDPHWHURQ6KDNHGRZQ/LPLWV
,QDGGLWLRQWRWKHVHUHVXOWVDQLQYHVWLJDWLRQLQWRYDULRXVJHRPHWULFSDUDPHWHUVKDVEHHQFRQGXFWHGWRGHWHUPLQH
KRZVLJQLILFDQWO\WKH\LPSDFWXSRQWKHVKDNHGRZQOLPLWERXQGDU\RIWKHFRPSRQHQW7KLVVWXG\ILUVWORRNHGDWWKH
VHSDUDWLRQRIWKHEUDQFKSLSHVDQGWKHPDQQHULQZKLFKWKHOLPLWERXQGDU\DQGIDLOXUHPHFKDQLVPVFKDQJHDVWKLV
GLVWDQFHERWKUHGXFHVDQGLQFUHDVHVIURPWKHRULJLQDOYDOXH)URPWKHUHVXOWVLWFDQEHVHHQWKDWWKHVHSDUDWLRQGRHV
QRWKDYHDVLJQLILFDQWLPSDFW7KHUHLVRQO\DVOLJKWGHFUHDVHLQERWKWKHUHYHUVHSODVWLFLW\OLPLWDQGWKHUDWFKHWOLPLW
ZKHQ WKHUH LVDYHU\VPDOOGLVWDQFHEHWZHHQ WKHEUDQFKSLSHV+RZHYHUZKHQ WKHVHSDUDWLRQZDV LQFUHDVHG WKHUH
ZDVQRLPSDFWRQWKHOLPLW
7KHVHFRQGDUHDWKDWZDVLQYHVWLJDWHGZLWKLQWKHFXUUHQWZRUNZDVWKHVLJQLILFDQFHRIEUDQFKSLSHGLDPHWHUDQG
KRZLWDIIHFWVWKHIDLOXUHPHFKDQLVPZKHQPRGLILHG6RDVWRHQVXUHWKDWRQO\WKHGLDPHWHURIWKHSLSHZDVDIIHFWLQJ
WKHUHVXOWV WKHVHSDUDWLRQEHWZHHQWKHSLSHVZDVNHSWFRQVWDQW,WFDQEHVHHQWKDW WKHEUDQFKSLSHGLDPHWHUKDVD
PRUHVXEVWDQWLDOLPSDFWXSRQWKHIDLOXUHRIWKHFRPSRQHQWWKDQVHSDUDWLRQ$VWKHGLDPHWHULVUHGXFHGWKHUHDUHWZR
RXWFRPHV WKH OLPLW ORDGDQG WKH UDWFKHW OLPLWRI WKHFRPSRQHQWDUH LQFUHDVHGZKLOH WKH UHYHUVHSODVWLFLW\ OLPLW LV
UHGXFHG
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7KLVLQYHVWLJDWLRQLQWRERWKWKHFUHHSEHKDYLRXUDQGWKHLPSRUWDQFHRIFHUWDLQJHRPHWULFSDUDPHWHUVRQWKHIDLOXUH
RIDKHDGHUEUDQFKSLSHKDVVKRZQKRZWKH/00VXEURXWLQHVFDQEHXVHGWRDQDO\VHSUDFWLFDOHQJLQHHULQJSUREOHPV
$FNQRZOHGJHPHQWV
7KHDXWKRUVJUDWHIXOO\DFNQRZOHGJH WKHVXSSRUWRI WKH(QJLQHHULQJDQG3K\VLFDO6FLHQFHV5HVHDUFK&RXQFLORI
WKH8QLWHG.LQJGRP WKH8QLYHUVLW\RI6WUDWKFO\GHDQG(')(QHUJ\1XFOHDU*HQHUDWLRQGXULQJ WKHFRXUVHRI WKLV
ZRUN$OOVROXWLRQVSURYLGHGLQWKHZRUNSUHVHQWHGKDYHEHHQREWDLQHGXVLQJWKHILQLWHHOHPHQWVRIWZDUH$%$486
5HIHUHQFHV
>@ 5$$LQVZRUWK5$Q$VVHVVPHQW3URFHGXUHIRUWKH+LJK7HPSHUDWXUH5HVSRQVHRI6WUXFWXUHV5HYLVLRQ%ULWLVK(QHUJ\*HQHUDWLRQ
/LPLWHG*ORXFHVWHU8.
>@ +)&KHQ/RZHU DQG8SSHU%RXQG6KDNHGRZQ$QDO\VLVRI6WUXFWXUHVZLWK7HPSHUDWXUH'HSHQGHQW<LHOG6WUHVV -3UHVVXUH9HVVHO
7HFKQRO
>@ +)&KHQ0-(QJHOKDUGW	$53RQWHU/LQHDU0DWFKLQJ0HWKRGIRU&UHHS5XSWXUH$VVHVVPHQW ,QW -3UHVVXUH9HVVHOV3LSLQJ

>@ -8UH+)&KHQ	'7LSSLQJ,QWHJUDWHG6WUXFWXUDO$QDO\VLV7RRO8VLQJWKH/LQHDU0DWFKLQJ0HWKRG3DUW6RIWZDUH'HYHORSPHQW
,QW-3UHVVXUH9HVVHOV3LSLQJ
>@ + ) &KHQ - 8UH 	 ' 7LSSLQJ ,QWHJUDWHG 6WUXFWXUDO $QDO\VLV 7RRO 8VLQJ WKH /LQHDU0DWFKLQJ0HWKRG 3DUW   $SSOLFDWLRQ DQG
9HULILFDWLRQ,QW-3UHVVXUH9HVVHOV3LSLQJ
>@ &1DGDUDMDK'0DF.HQ]LH	-7%R\OH/LPLWDQG6KDNHGRZQ$QDO\VLVRI1R]]OH&\OLQGHU,QWHUVHFWLRQV8QGHU,QWHUQDO3UHVVXUHDQG
,Q3ODQH0RPHQW/RDGLQJ,QW-3UHVVXUH9HVVHOV3LSLQJ
>@ -%UHH(ODVWLF3ODVWLF%HKDYLRXU RI7KLQ7XEHV6XEMHFWHG WR ,QWHUQDO 3UHVVXUH DQG ,QWHUPLWWHQW+LJK+HDW)OX[HVZLWK$SSOLFDWLRQ WR
)DVW1XFOHDU5HDFWRU)XHO(OHPHQWV-6WUDLQ$QDO\VLV
>@ 0%RXOELEDQH	$53RQWHU7KH/LQHDU0DWFKLQJ0HWKRGIRUWKH6KDNHGRZQ$QDO\VLVRI*HRWHFKQLFDO3UREOHPV,QW-1XPHU$QDO
0HWK*HRPHFK
>@ $53RQWHU7KH/LQHDU0DWFKLQJ0HWKRGIRU/LPLW/RDGV6KDNHGRZQ/LPLWVDQG5DWFKHW/LPLWVLQ$53RQWHU	':HLFKHUW/LPLW
6WDWHVRI0DWHULDOVDQG6WUXFWXUHV6SULQJHU1HWKHUODQGVSS
>@ $60(%RLOHU	3UHVVXUH9HVVHO&RGH$Q,QWHUQDWLRQDO&RGH$PHULFDQ6RFLHW\RI0HFKDQLFDO(QJLQHHUV1HZ<RUN
